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{54} frtuiti-phase pumping arrangement 

S7i Ihe arrangement is used in a method for pumping a liquid /gaseous phase mixture from an underground vmw* to a 
S^^^ pS-fa-Wi h a flow fee running between Uia reservoir and the process 

an intake for racing an input supply of the liquid /gaseous phase mixture, and 

arranqed to deliver separated outputs of liquid and gas; -> „„ mn ert 

fmotor-drlven liquid pump P airangad to receive the liquid output from the separator, and to discharge a pumped 

0U1P a M »S 1 6 arranged f receive the pumped output of liquid, and lo pass Ihe liquid through i Ihe pump prior to 
^■^.ffi itaSdVo tato ft- (Boduclibn pbe 12, after undergoing a pressure reduction by Ihe jet pump; and, 

a oae ite '^ItSS^ShSSS^ with Ihe gas output ol the separator whereby Ihe gas can be 
1^SS^iplS!t Pressura reduction so as to cc-mlngle with the liquid and be movable with the Ascharga 

How of liquid tram the jet pump. , _ 

The pumping system may be arranged above the resesvorr on the seabed (Fig. 5). 
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At laasl one drawing crigihaHy Btod was informal and the print reproduced hare is taken tram a later DM format copy. 
Tha daims were filed later than the filing date within Ihe period prescribed by Rule 25(1) of the Patents Ruies 1 990. 
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FIG. A 
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MULT I -PHASE PUMPING 

This invention relates to a pumping arrangement for 
pumping gaseous and liquid phase products, such as the 
products derived from an underground reservoir of oil and 

gas. 

In the extraction of crude, oil from underground 
reservoirs e.g. from below the seabed of the North Sea, it is 
usual for the crude oil to be accompanied by gaseous 
hydrocarbons, and indeed it is the presence of the gaseous 
hydrocarbons which gives rise to the reservoir pressure which 
drives the crude oil up a production pipe to a surface 
collection / process plant. 

In the early stages of extraction of oil from a new 
production reservoir, the reservoir pressure usually is 
sufficient to drive the oil upwardly at acceptable production 
rates, but with the passage of time the pressure declines and 
therefore the production rate falls progressively with time, 
unless steps are taken to increase the rate of uplift by 

artificial means. 

It is therefore usual to employ a pump to improve the 
rate of uplift of oil (and gas), and these comprise a so- 
called ESP (electrical submersible pump) which is arranged 
within the wellbore and immediately above the reservoir. The 
pump is a centrifugal type pump, and usually the pump is 
designed specifically for handling either gas. or liquid, but 
not a mixture of the two. 

Accordingly, in the provision of artificial uplift of 
reservoir liquids {crude oil and often water as well), and 
which includes a significant volume fraction of gas, normal 
designs of ESP are unsuitable for this task. Thus, a 
centrifugal pump designed primarily fop handling liquids 
cannot operate satisfactorily when large amounts of gas are 
nresent. since this oan cause gas locking within the pump. 

The present invention has therefore been developed with 
a view to improving the pumping of liquid / gaseous phase 
. mixtures, and particularly, though not exclusively, in the 



«, p Uc,Uo» of a .«! pu» P i»S arrant tor "P""^ 
7l .IX / S as*ous hydrocarbon »lKt»r« fro- u„d.r 6 ro»od 



reservoirs. 



■. rt f pqp and application to trie 

Existing designs of ana ^ 

artificial uplifting of oil / gas b * 
described with reference to Figure 1 and 2 « the 

twines to set out the background to the 
accompanying drawings. xo »« , . i 

preJnt invention and the problems to be solved. « 
shows a common completion design for ESP in a low GOR gas / 
oil ratio) well, and Figure 2 shows a high GOR application. 

An ESP assembly typically consists of three mam 
components, namely an electric motor, a centrifugal pump 
driven by the motor, and a sealing section which separates 

The nurnose of the sealing section 
the motor from the pump. me . UUB " 

is to isolate the well fluids (liquids and gases) from the 
electric motor, while ensuring that the differential pressure 
between the wellbore and the inside of the motor is 
minimised. This, in effect, minimises the chances of 
wellbore fluid entering the motor (which could cause the 
rcotor to short circuit). Further, the sealing section 
enables torque to be transmitted from the motor to the pump. 

In high gas / oil ratio wells (high GOR application) 
i e. a gassy well, a gas separator is fitted between the 
sealing section and the pump. This separates the free gas 
from the oil. such that mainly oil is ingested into the pump, 
thereby eliminates the possibility that gas locking will 

occur within the pump. 

ESP completions can be divided into two categories. 

namely those suitable for (1) high GOR (gassy) oils and (2) 

low GOR wells. In both cases, th^ ESP assembly is usually 

located just above the reservoir. 

A typical low GOR completion is shown in Figure 1, 

which shows a production casing 10 running upwardly from 
reservoir 11. and containing a production tubing 12 within 
the casing 10, at the lower end of which is an ESP. "assembly 
13 A so-called deep-set packer 14 is arranged witain 
production casing 10 near the bottom end thereof i.e. spaced 
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u the assembly 13. and this serves to 
a short distance above the assemD y ^ the 

« rt ffsag from eomi&B in ♦ „ 

delude hydrocarbon gas f power cabie 15 running 

„ aj cr part of the £uppiy power to motor H 

fr0 m the surface withm casing 

of the assembly 13. bottom of 

•» «• f :i r "^ - ^ esp .—ay '3 

wbl 10 «»« P ass " int ° , . „ tt . production tubins 

» to the " pressure is normally maintained 

packer 14. since the intake p 

casing 10 above the P" k " „„„ not oor .«in 

-^,4 4*his is normally on, . 
hydrocarbons, and * > ^ ^ nemaUy be present 

mi *ture. since free gas bub ^ ^ gsp 

in vi *w of the ue iib^pr^ ^ 

assembly 13 exceeding J- bubbl P * ^ u 

The low GOR completion design oi • 
»<.m.. 1 has the following advantages* 

Figure 1 has hydrocarbons is 

Exp o S ure o .h PC- ^ ^ with 

nunimised by use of the deep P ^ ^ ^ 

completion brine being presenx in 

paCkBr * J 4- * ae ker aids "well kill" during 

2. The deep-set pacKer, ams 

vorkover- _ educed fluids with the 

3. Contact of corrosive produces" nui 

production casing is minimised e3tis ting type 

k typical high GOH completion design of 

o Tr, this arrangeatenx, t=> 

« »~ a !i, ' aU °" "V" ,alve. Oil and free B as are 
gas ,aat / annulus safety « vs. ^ 

^— f "° "Til on to motor M. seal S and pump 
>S . vhicK ooanMs-in J tail viev sh o„ B the funotion of 
P. a gas separator Gb- Aae 
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th. gas separator, and how gas is separated from the oil / 
gaseous mature, and with the oil (and water) passing 
upwardly through production tubing 12. Thus, at the gas 
separator GS. the gas is separated and f ows up the annular 
space defined between production casing 10 and product.cn 
tubing 12. 

The oil and water liquid phase which passes from the 
g as separator to the pump P then has its pressure increased, 
Ld then travels upwardly through the tubing 12 to process 
plant at the surface. In the high GOR well arrangement shown 
in Figure 2. all of the power cable 15 is exposed to 

hydrocarbons. . 
There are a number of disadvantages associated with 

this design: ' . , 

1. The majority of the electrical power transmission 

system is exposed to produced fluids. 

2. The completion is complicated by additional safety 

valves. 

3. A large amount of the casing is exposed to 
potentially corrosive produced fluids. 

4. Additional surface pipeline is required at the 
surface to handle the separated gas. 

5. Killing operations during workover are made more 
difficult by the large hydrocarbon volume below the dual 
packer, 

- The present invention seeks to provide an improved 
means of handling and pumping liquid / gaseous phase 
mixtures. 

Accordingly, the present invention provides a pump 
arrangement for pumping a liquid / gaseous phase mixture from 
an underground reservoir to a process plant, said pump 
arrangement being positionable in a flow line running between 
the reservoir and-the process plant and comprising: 

a liquid f gas separator having an intake for receiving 
an input supply of the liquid / gaseous phase mixture, and 
arranged to deliver separated outputs of liquid and gasj 

a motor-driven liquid pump arranged to receive the 
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= M + ft r and to discharge a pumped 
liquid output from the separator, ana 

output of liquid; q£ 
a jet pump arranged to recei « v 

^o oass the liquid through the pump prxor to 
liquid, and .o pass the q ducUoa pipe, after 

^icehafee of the liquid e.g. ** 
discharge 01 « dnot lon by the jet pump: and. 

! ,r«f the separator whereby the gas can be 
the gas output of ih« separ reducti on so as to 

inses ted into the ,et pump by the pr ^ 
co-mingle with the liquid and be mo 

flow of liquid from the jet pump. .„ able type of 

The invention therefore enables tyP 

*j a * an electrically driven 
Uq uid pump to be used e g. an e 

centrifugal pump to handle the lxq«« P* ^ 
product, whereas the gaseous phase can be mg 
P *> *k £ isouid Dump, by reason ol the 

jet pump downstream of the liquid pump, y 

pressure -reduction applied to the pumped Liquid in its 

passage through „ £sp module U provided 

In one preferred arrange* . ^ ^ 

wh ich comprises a motor a seal. g ^ ^ ^ 

* liauid pump, and vhich may &e mgu ^ w . 

pr r c in .u. -t-iM »«- «- — *• a 

Kane distribution a rr an 6 e„ent. and which U ~ ^ 
resolve an intake of li«,uld > M- -Utur. <r- the ; 
to separate the 11*14 end saaeoue phases, t. pass * , U*U 
Lou 6 h the llauld pump, and to eauae the eeoanated 6 M to 
by -p BSS the pump and to be fed to the 8 aa Inlet of a jet pu»P 
iLd in the produotion pipe r«nnln 5 upvandly v>th,n the 

production casing. u? . r S p 

. s>i-ran«ement . a similar car 

In a further preferred arranges 

, , u. mr.,mted in the production casing, but the 

module may be mounted m P vU 

liquid / gaseous phase product may be fed to direct ed 

. - ,.., nFP d above the module and dxrecxea 

an inlet to the casing arranged aaove 

Lh that a spirally downward flow takes plaoe within the 
such that a spir« -y t<j separate 

7TJZ r ^s CdtlUunder S ravity towards the 
illa/e cfTe aLLbly. whereas the separated gaseous phase 
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is ingested via the inlet of the jet pump to co-mingle with 
the upwardly pumped flow of liquid. ^ 

In a still further preferred arrangement, adapted w be 
arranged above the reservoir e.g. on the seabed, the 
reservoir product is first fed to a gas / liquid separator, 
the separated liquid phase is then conveyed to a liquid pump 
where it receives a pumping aotion and is then conveyed 
onwardly to a jet pump, whereas the separated gaseous phase 
bypasses the liquid pump and is ingested via the jet pump 
inlet to co-mingle with the pumped liquid and which are then 
conveyed onwardly to a discharge pipe at a reduced pressure. 

Preferred embodiments of the Invention will now be 
described in detail, by way of esample only, with reference 
to Figures 3 to 5 of the accompanying drawings, in which: 

Figure 1 is a schematic vertical sectional illustration 
of a first embodiment of pump .arrangement according to the 
invention for use in a high GOB well; 

Figure 4 is a similar view of a -further embodiment of 
pumping arrangement according to the invention? and, 

Figure 5 is a schematic illustration of a pumping 
arrangement layout according to a still further embodiment of 
the invention, arranged above a reservoir and on the seabed. 

Referring now to Figures 3 to 5 of the drawings, there 
will be described embodiments of pumping arrangement for 
pumping a liquid / gaseous phase mixture from an underground 
reservoir to a process plant, in which the pump arrangement 
is posit ionable in a flow line running between the reservoir 
and the process plant. The pump arrangement comprises a 
liquid / gas separator having an intake for receiving an 
input supply of the liquid / gaseous phase mixture, and 
arranged to deliver separated outputs of liquid and gas, a 
" motor-driven liquid pump arrangement to receive the liquid 
output from the separator and to discharge a pumped output of 
liquid, a jet pump arranged to receive the pumped output of 
liquid and to pass the liquid through the pump prior to 
discharge of the liquid e.g. into a production pipe, after 
undergoing a pressure reduction by the jet pump, and a gas 
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to the jet pump which is communi cable with the gas 
inlet to vne je^ * > ^ ^ ? n ^ 0 

output of the separator whereby the gas can be ingested iat 
'he jet pump by the pressure reduction there,, so as to CO 
with the liquid and be movable *ith the discharged 
flow of liquid from the jet pump. 

R e f .rrin 5 first to Fi B «re S of the 
c ,„. r es P o n dU 8 with those already deser.bed are 6- - the 
reference numerals, and will net be deserxbed 
M.I.. ta £ SP module 13a Is mounted be!o„ produnt.on pxpe 
2 at tbe lover end of produetxon easing 10 end xmmedxetely 

•~ n and como rising pump P, gas separator 
above the reservoir U. ano comprise 6 v r 

GS seal S and electrically operated motor H. This 
embodiment is suitable for use in a high GOR well, and 
cables a deep-set packer 14 to be used. The liquid 
gaseous phase product from reservoir 11 passes upwardly to 
the module 13a, and the separator GS separates the gaseous 
phase which is liberated as gas bubbles and wnioh by-pass the,, 
liquid pump P. whereas the liquid phase passes directly to ., 
the pump P and is then pumped upwardly through production :, 
pipe 12 towards a jet pump 16. The pulped liquid flow from,- 
pump P passes upwardly through the jet pump 16, a detail of,, 
which is shown to an enlarged scale, and it undergoes a 
pressure reduction as it passes through the jet pump 16. 
before issuing as" a discharged flow of liquid into the 
production pipe 12. The separated gaseous phase by-passes 
the Uquid pumo P and moves upwardly into the annular chamber 
located below packer 14 and surrounding production pipe 12. 
and is ingested through gas inlets 17 of the jet pump 16 by 
virtue of the pressure reduction generated by the upwardly 
flowing liquid, and this gas co-mingle, with the liquid and 

,*.u +k= jtcfharEB flow of liquid from the jet 
then moves with the discharge n"* Ui "* 

pump upwardly within the production pipe 12. 

The gaseous hydrocarbons are kept remote from the major 
part of the electrical power cable 15, and this is a safety 
aspect, and the liquid pump P only everts a pumpin* actxon on 
the liquid phase of the reservoir product. The -singled 
liquid / gaseous phase product is then discharged upwardly 
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within the production pipe 12 to any suitable da*r»b«t « 
arr an S ^nt at the surface, and then onwardly to any suitable 
processing plant. The oil / gas mUture can be conveyed by a 
•i»Sl. piP & li- to any suitable land installation.-. 

In a preferred arrangement, the jet pump 16 is arranged 
to be wireline retrievable, and to be locked into a nipple 
profile. This enables hydraulic communication between the 
^nulus and the tubing, thereby enabling the gas *o be 

ingested Into the jet pump, 

A further embodiment is shown in Figure 4. and thxs may 
comprise a surface or seabed installation. Typ.ioally, the 
device would be located adjacent to or in the vicinity of the 
wellhead i.e. on the surface or on the seabed. The pumping 
assembly could be located e.g. in a short piece of casing, 

say 300 feet deep. 

An ESP assembly 13a consisting of motor H. seal S. gas 
separator GS and liquid pump P is contact within the casing 
18. and this assembly receives the reservoir product, which 
is comprised mainly of liquid phase, via the gas separator GS 
and the liquid phase then passes to the pump P and is then 
pumped upwardly towards jet pump 16. Any gaseous phase 
admitted by the gas separator GS is separated, and then 
bubbles upwardly to the inlet 17 of jet pump IS. As in the 
previous embodiment, the jet pump 17 ingests and compresses 
the free gas liberated by the gas separator. 

However, in this embodiment, further separation of the 
liquid and gaseous phases takes place, in that a tangential 
inlet 19 bo the casing 18 is arranged above the ESP module 
13a. and directs a spirally downward flow of the reservoir 
product, as shown schematically in Figure 4, and during this 
movement the liquid phase separates from the gaseous phase 
and falls under gravity towards the -intake of the ESP 
assembly 13a. whereas the separated gaseous phase is ingested 
by the inlet 17 of the jet 'pump. 16 to co-mirigle with the 
upwardly pumped flow of liquid. 

Thus, some separation of gas / liquid takes place in 
the void above the assembly 13a. but any remaining gas which 
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passe, with the liquid phase to the gas separators is then 

, * a nPSSes the pump P as described already, 
separated out. and by-passes una v 

„ cresses the oil. whilst the jet pump 16, which is 

the module 13a. ingests and then compresses the gas .he 
suiting multi-phase gas / liquid aUture then « uts the 
unit into the discharge pipe 20 within casing 18 at a greater 
oressure than the supply pressure to inlet 19. 

It should be noted that, although Figure A illustrates 
. sub-sea application, and this embodiment could also have 

j „i 3 +fornis or any location where multi- 
application on land, platforms or any 

phase pumping is required _ 
A further preferred embodiment is shown m Figure 5. 

i / Uauid separator 21 which has 
-which has a conventional gas / Uquid separ 

au intake of liquid / gaseous phase product v a xnpu line 
22. This may comprise a standard gas / ii*u separate and 
which receives a low pressure multi-phase (oil. 
r S as) mixture from the flowing well, and separate Uid 
I. discharged via line 23 and separated free gas exits via 

"~ ^'standard liquid duty pump 25 boosts the pressure of- 
the liquids from line 23. and dischar S e B this output 
line 26. Jet pump 27 is arranged downstream of pump to. and 
line zc. je h * -btoIt as the power fluid which 

uses the high pressure liquid supp.y a F --upe 

n ^iiH-fon whereby gas from low pressure 
,tnrlerKoes pressure reduction. WBBl cw ' ° . 

£i »«ted into Jet nump 27, The co-mingled gas / 
line 24 is ingested into jet pimv 

discharged to discharge pipe 28 at a 
liauids are then eUscnarse" uu 

q ^ater than the pressure in supply 

pressure significantly greater tnan 

Une 22 ' - it« M 23 and 2* may be 100 

Typically, the pressure m lines 23 and i. m y 

?n nutnut 1'ne 26 from liquid pump 23 
psi , whereas pressure in output of ^ cq _ 

may be 3.000 to 4.000 p« . The ' 28 ^ be , 

mingled liquid / gaseous phase m discharge 

say. 2.000 psi. appli oatioa. this device 

Although shown in a sub sea a Ppi M+ , rtn „ he re 

. , anA nlPtforms; or any location wnere 
also could be used on land, piati orui& . 

multi-phase pumping is required. 
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1 . a pump arrangement for pumping a liquid / gaseous 
phase mixture from an underground reservoir to a process 
plant, said pump arrangement being positionable in' a flow 
line running between the reservoir ana the process plant ana 
comprising: 

a liquid / gas separator having an intake for receiving 
an input supply of the liquid / gaseous phase mixture, and 
arranged to deliver separated outputs of liquid and gas; 

a motor-driven liquid pump arranged to receive the 
liquid output from the separator, and to discharge a pumped 

output of liquid; 

a jet pump arranged to receive the pumped output of 
liquid, and to pass the liquid through the pump prior to 
discharge of the liquid e.g. into a production pipe, after 
undergoing a pressure reduction by. the jet pump; and, 

a gas inlet to said jet pump which is communicable with 
the gas output of the separator whereby the gas can be 
ingested into the jet pump by the pressure reduction so as to 
co-mingle with the liquid and be movable with the discharge 
flow of liquid from the jet pump. 

2 . A pump arrangement according to Claim 1 , in which 
the motor-driven liquid pump is an electrically driven 

centrifugal pump. 

3. A pump arrangement according to Claim 1 or 2, in 
which an ESP module is provided which comprises a motor, a 
seal, a gas / liquid separator and a liquid pump, and which 
is adapted to be mounted in a lower end of a production 
casing extending upwardly from the reservoir to a surface 

di s tr ibution arrangement . 

4. A method of pumping a liquid / gaseous phase 
mixture from an underground reservoir to a process plant, 
using a pump arrangement according to Claim 3, in which the 
ESP module receives an intake of liquid / gas mixture from 
the reservoir, separates the liquid and gaseous phases, 
passes the liquid through the liquid pump, and causes the 
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v,v nass the pump and to be fed to the gas 
separated gas to by-pass cne " " 

i—* in i-he nroduction pipe running 
inlet of a jet pump mounted m tne proaucu.Lv f * 

upwardly within the production casing. 

5 A method pumping a liquid / gaseous phase mixture 
from an' underground reservoir to a process plant, using an 
ESP module as claimed in Claim 3, in which the liquid/ 
caseous phase product is fed to the module vxa an "let to 

Z Z^V ™* -™ - "Sing " ' 

spirally downward flow takes place within the casing, during 

which the time the liquid phase tends to separate from the 

faseous phase and falls under gravity towards the intake of 

In assembly, whereas the separated gaseous pbase is ingested 

via the inlet of the jet pump to co-mingle with the upwardly 

pumped flow of liquid. 

6. A method of pumping a liquid / gaseous phase 
mixture from an underground reservoir to a process plant . 

4- „ rt c^loned in a flow line running.-:, 
using a pump arrangement positioned 

• ^ ^hP nrocess plant and said pump 
between the reservoir and the process y 

arrangement comprising: 

a liquid / gas separator having an intake which 

. nn „. «. nDO iv of the liquid / gaseous phase 
receives an input supply oe m 

a fl„n w rs separated outputs of liquid and gas, - 
mixture, and delivers separate * 

a motor-driven liquid pump which receives the liquid 
output from the separator, and discharges a pumped output 

ligUid a jet pump which receives the pumped output of liquid, 

passes the liquid through the pump prior to discharge 
the liquid e.g. into a production pipe, after undergoing a 
pressure reduction by the jet pump; and 

a gas inlet to the jet pump which communicates with the 
gas output of the separator whereby the gas is i^J* 

/ u„ nr P ssure reduction so as to co-mingle 

from the jet pump. , 

7 A method according to Claim 6, in which the 

^ «. ««t- fed to a gas / liquid separator, 
reservoir product is first fed to a g ' & 
the separated liquid phase is then conveyed to a liquid pu 
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where is receives a pumping action and is then conveyed 
onwardly to a jet pump, whereas the separated gaseous phase 
by-paasBS the liquid pump and is ingested via the jet pump 
inlet to co-mingle vfith the pump liquid and which are then 
conveyed onwardly to a discharge pipe at a reduced, pressure. 
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